various mammals, and several species even exhibit neurofibrillary tangle (NFT). However,
48
we know far less about whether such symptoms are present in birds. Therefore, here we 49 clarified the occurrence and pathogenesis of avian aβ-related lesions, analyzing the aβ 50 amino-acid sequence across 28 birds at multiple life stages, representing 15 species, 14 51 genera, and 9 nine families. We also determined the expected aβ amino-acid sequence 52 after comparing data from the brains of nine birds (seven species) with publicly available 53 NCBI data. We observed CAA and senile plaque-like deposition only in a female Amazon 54 parrot, estimated to be around 30-40 years old. We identified two Aβ depositions (40 and 55 42) in the same location that correspond to Aβ 6-42. Additionally, we observed severe Aβ 56 deposition, accompanied by severe hemorrhaging, in blood vessels of the superficial and 57 deep portions of the brain. These lesions were directly related to the cause of death. Of 40 58 bird species, 36 exhibited type 1 Aβ amino-acid sequences, similar to humans. Given that 59 all of these birds were old, our results suggest that Aβ is deposited primarily as CAA as the 60 animals age. This report is the first clinically based description of CAA in birds. Interspecific 61 variation likely exists because we identified species that did not exhibit Aβ deposition even 62 when the birds are old enough. However, even birds of the same taxonomic status differed Introduction each representing a different species, were used to analyze Aβ amino-acid sequences.
106
Publicly available NCBI data on an additional 40 birds (spanning 39 families) was added to 107 improve interspecific comparisons (Table 2) . The following antibodies were used to evaluate Aβ deposition and morphology in brain 1 and 2) . Histologically, CAA was present on the cerebral 169 surface and deeper down (Fig. 3) , diffusely deposited in small arterial walls of the cortex and 170 meninges; indeed, CAA was so advanced that amyloid had replaced the walls (Fig. 4) .
171
Amyloid had a slight tendency to radially deposit in extravascular regions, scattered around 172 blood vessels. When stained with Congo red, deposits emitted green polarized light (Fig. 4) .
173
Dual fluorescent immunostaining of anti-Aβ1-40 and 1-42 antibodies revealed orthotopic 174 deposition in vessel walls (Fig. 5 ). The cerebral cortex contained several PAM-positive 175 lesions similar to typical plaques, but Congo red staining was negative (Fig. 6 ). In addition,
176
CAA was not deposited in cerebral cortex capillaries and we did not observe 177 hyperphosphorylated tau accumulation. Under Kluver-Barrera staining, we saw myelin 178 sheath degeneration within encephalomalacia foci, accompanied by macrophage infiltration.
179
Immunostaining with anti-GFAP antibody revealed an increase in activated astrocytes was then aligned with homologous sequences obtained from NCBI. We identified a slight 209 difference in nucleotide sequence across all seven species, but none resulted in amino acid 210 substitution; thus, every sequence was consistent with human Aβ.
211
We then examined the Aβ region of 47 avian species and split them into three types Table 2) . Regardless of the presence or absence of Aβ deposition, predicted Aβ amino-217 acid sequences were Type 1 in all 28 birds that were subjected to pathological analyses.
218
Finally, through mass spectrometry of the Aβ protein isolated from the Amazon parrot sample,
219
we identified a peptide corresponding to Aβ 6-16, 17-28, and 36-42 ( Fig. 7) . Although we did 
239
This is the first clinical evidence of avian CAA.
240
In humans, old age is the most important risk factor for CAA [11] , similar to what has been 241 reported for other mammals [6] . Our study suggests that age is also a risk factor for avian 242 CAA, because birds with this lesion were all older than their average life expectancy. Thus,
243
Aβ deposition in avian species may begin once an individual survives beyond the average . However, we should note that 247 seven Humboldt penguins did not exhibit Aβ deposition despite being the same age as those 248 that did, suggesting clear interspecific differences in the manifestation of this symptom.
249
In Alzheimer's patients, CAA is thought to stem from Aβ 42 production in neurons that then 250 are deposited in blood vessels, while Aβ 40 continues to deposit [11] . On the other hand, Aβ is deposited radially in the vessel wall outward [7, 8] . In contrast, our study found only a 256 weak tendency to radial deposition; instead, we saw a satellite pattern around deposited 257 blood vessels.
258
Deposition differences may be related to Aβ amino-acid sequences [6, 19] . In birds, Aβ has 259 at least three types of amino-acid sequences, but Type 1 was the most common. Indeed,
260
Type 1 was found for the Amazon parrot and old Humboldt penguins without Aβ deposits in 261 our study, along with birds examined in previous research [7, 8] . These results suggest that 262 CAA occurrence and morphology did not involve differences in amino-acid sequences.
263
Instead, protein conformation and the influence of other aggregation factors were the main 264 source of CAA variation. Furthermore, as mammalian Aβ sequences tended to be Type 1 265 (except in cats), the Aβ sequence appears to be well preserved, with high homology among 266 homeothermic animals.
267
In conclusion, our results provide an important first step to accurately grasp Aβ 268 deposition in birds. Given the importance of age, future studies should aim to sample from 269 very old animals when investigating Aβ deposition in avian brains. Aging is a clear risk factor 270 for Aβ deposition. Given avian longevity and the highly conserved nature of APP across 271 animals, we suggest that birds may be a suitable model for studying the mechanism
